Abstract
Introduction:
68 When skeletal muscles are denervated, they undergo atrophy. This occurs in a 69 variety clinical situations including trauma, motor neuron disease (amyotrophic lateral 70 sclerosis), systemic diseases (alcoholic neuropathy or pernicious anemia) and viral 71 infections such as polio (2, 15, 27, 39) . After nerve injury, muscle fibers will The validated treatment for 99 muscle wasting in humans is exercise, which reduces various types of muscle atrophy
100
(1, 9). Previously we discovered that exercise has the ability to prevent a decrease of muscle, but not soleus and plantaris muscles, in the Acu-LFES mice were increased 232 compared with the weight ratio in control mice without Acu-LFES (Table 1) .
233
Denervation caused a reduction in relative muscle weight by 37% (soleus), 34% myogenesis by Acu-LFES, the central nuclei migrate into the myofibers ( Figure 1B ).
261
We found increased central nuclei in muscles of both denervation and control mice 262 treated with Acu-LFES. However, the percentage increase in central nuclei was higher 263 in the muscles of denervation/Acu-LFES than of control/Acu-LFES mice. We also found 264 that Acu-LFES prevents denervation-induced decrease in the muscle fiber cross- 
Acu-LFES upregulates IGF-1 in skeletal muscle of normal and denervated mice.

273
To investigate how Acu-LFES activates the muscle regeneration process, we identified FoxO1 and FoxO3 in all groups of mice ( Figure 2C ). phosphorylation of the P70S6K increased 1.5-fold in Acu-LFES treated normal mice.
302
Unlike p-mTOR, denervation did not change pP70S6K; however, pP70S6K was 303 increased 2.5-fold by Acu-LFES treatment in the denervation mice. These results
304
suggest that Acu-LFES increases phosphorylation of P70S6K and may lead to 305 increased protein anabolism ( Figure 2D ). in the denervation muscle and 4.4-fold in denervation/Acu-LFES mice versus controls.
328
IL-1β expression was elevated 3.6-fold in the muscle of Acu-LFES mice, 1.9-fold in the 329 denervation muscle and 4.1-fold in denervation/Acu-LFES mice versus controls.
330
Arginase-1 expression was increased 6.1-fold in the muscle of Acu-LFES mice, 3.2-fold 331 in the denervation muscle and 6.3-fold in denervation/Acu-LFES mice versus controls
332
( Figure 4A ). These data indicate that Acu-LFES upregulates the M1 and M2 333 macrophage expression after 2-weeks treatments. The levels of increase were higher 334 in M2 than M1 macrophages.
335
Since macrophages influence myogenesis through cytokines, we examined normal and denervation mice ( Figure 4B ). To confirm that the protein levels of 344 cytokines mirrored the altered RNA levels in response to Acu-LFES, we measured the 345 levels of 8 cytokines using ELISA assay in plasma and muscle lysate for all groups of 346 mice. Acu-LFES did not significantly increase the plasma cytokine levels except for IL-347 10 ( Figure 4C ), which indicates that cytokine response to Acu-LFES occurs locally.
348
However, Acu-LFES significantly upregulated all 8 cytokines in the muscle of normal 349 mice: 2-fold in IL-6; 2-fold in TNFα; 1.4-fold in IFNγ; 4-fold in TGFβ; 1.6-fold in IL-1β;
1.6-fold in IL-4; 1.9-fold in IL-13 and 11-fold in IL-10; but Acu-LFES did not significantly 351 increase the muscle lysates cytokine levels except for IL-6 in denervated muscle
352
( Figure 4D ). indicate the increase in collagen accumulation ( Figure 5 ).
360
Acu-LFES enhances the expression of muscle specific microRNA (myomiRs):
361
Muscle specific microRNAs also influence muscle regeneration. To identify whether were activated in denervated muscle suggesting increased regenerative capacity but 421 muscle wasting still occurred as evidenced by decreased muscle weight (Table 1) 
